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Abstract 

Xeroderma pigmentosum (XP) is defined by extreme sensitivity to sunliglit, resulting in sunburn, pigment changes 
in the skin and a greatly elevated incidence of skin cancers. It is a rare autosomal recessive disorder and has been 
found in all continents and racial groups. Estimated incidences vary from 1 in 20, 000 in Japan to 1 in 250, 000 in 
the USA, and approximately 2.3 per million live births in Western Europe. 

The first features are either extreme sensitivity to sunlight, triggering severe sunburn, or, in patients who do not 
show this sun-sensitivity, abnormal lentiginosis (freckle-like pigmentation due to increased numbers of 
melanocytes) on sun-exposed areas. This is followed by areas of increased or decreased pigmentation, skin aging 
and multiple skin cancers, if the individuals are not protected from sunlight. A minority of patients show 
progressive neurological abnormalities. There are eight XP complementation groups, corresponding to eight genes, 
which, if defective, can result in XP. The products of these genes are involved in the repair of ultraviolet (UV)- 
induced damage in DNA. Seven of the gene products (XPA through G) are required to remove UV damage from 
the DNA. The eighth (XPV or DNA polymerase r|) is required to replicate DNA containing unrepaired damage. 
There is wide variability in clinical features both between and within XP groups. Diagnosis is made clinically by the 
presence, from birth, of an acute and prolonged sunburn response at all exposed sites, unusually early lentiginosis 
in sun-exposed areas or onset of skin cancers at a young age. The clinical diagnosis is confirmed by cellular tests 
for defective DNA repair. These features distinguish XP from other photodermatoses such as solar urticaria and 
polymorphic light eruption, Cockayne Syndrome (no pigmentation changes, different repair defect) and other 
lentiginoses such as Peutz-Jeghers syndrome. Leopard syndrome and Carney complex (pigmentation not sun- 
associated), which are inherited in an autosomal dominant fashion. Antenatal diagnosis can be performed by 
measuring DNA repair or by mutation analysis in CVS cells or in amniocytes. Although there is no cure for XP, the 
skin effects can be minimised by rigorous protection from sunlight and early removal of pre-cancerous lesions. In 
the absence of neurological problems and with lifetime protection against sunlight, the prognosis is good. In 
patients with neurological problems, these are progressive, leading to disabilities and a shortened lifespan. 



Review disorder was classified originally as "classical XP" (skin 

Disease name abnormalities only) and the De-Sanctis-Cacchione syn- 

Xeroderma pigmentosum (XP); Orpha 910 drome with skin abnormalities and extreme neurological 

degeneration. The latter term is currently rarely used as 

Definition it is evident that there is a wide range of neurological 

Xeroderma pigmentosum (literally dry pigmented skin), abnormalities of varying severity and varying age of 

is defined by extreme sensitivity to sunlight, resulting in onset. Thus, the complete De Sanctis-Cacchione syn- 

sunburn, pigment changes in the skin and a greatly ele- drome is present in only very few cases, but several 

vated incidence of skin cancers. About 60% of affected patients have one or more neurological features, 
individuals show an exaggerated and prolonged sunburn 

response. In a minority of cases there are neurological Epidemiology 

abnormalities of varying severity. Historically, the XP has been found in all continents and across all racial 

groups. Consistent with autosomal recessive inheritance, 
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recent survey in Western Europe suggests approximately 
2.3 per million live births [3]. Anecdotally, the incidence 
in North Africa and the Middle East, where there is a 
high level of consanguinity, is substantially higher. 

Clinical Description 

There are many reviews of the clinical features of XP 
[1,4-6]. In about 60% of cases, the first signs are extreme 
sensitivity to sunlight [6], which takes many days or 
weeks to resolve. In these individuals, this sunburn reac- 
tion can happen in the first weeks of life and is often 
blamed on neglect or labelled wrongly as cellulitis or 
impetigo. The other 40% of cases do not show any sun- 
burn reaction. In these cases, the first manifestation, 
often by two years of age, is an unusually increased 
number of lentigines (freckle-like pigmentation) in sun- 
exposed areas. They are present on the nose, zygoma 
and forehead and then appear on the sides of the neck, 
sparing the area under the chin. Photophobia is often 
present. In the absence of sun protection, the skin ages, 
becoming dry, rough and atrophic. Lentigines increase 
in number and darken and are difficult to distinguish 
clinically from the many, flat, pigmented seborrhoeic 
warts, which also proliferate and become warty. Small, 
hypopigmented macules are commonly seen amongst 
the lentigines and may even be the first presentation. 
Telangiectasia can be a late feature. Stucco keratoses 
may be present and are readily distinguishable from 
solar keratoses. As all the skin changes are the result of 
exposure to UV radiation, the severity of these changes 
is absolutely dependent on the amount of sun-exposure, 
the Fitzpatrick skin type and the degree of protection of 
the skin from sunlight. The effects vary a great deal 
between individuals. In the absence of rigorous protec- 
tion from the sun, areas of hyper- and hypo-pigmenta- 
tion will result, followed by accelerated photo-ageing, 
warty lesions, in-situ melanocyte and keratinocyte malig- 
nancy, and eventually multiple basal cell carcinomas and 
invasive squamous cell carcinomas and melanomas. It 
has been estimated that XP patients have a 10, 000-fold 
increased risk of non-melanoma skin cancer and a 2, 
000-fold increased risk of melanoma under the age of 
20 [6]. The early age of onset and the frequency of skin 
cancers in an otherwise normal individual should trigger 
further assessment for XP. In addition to the very large 
increase in skin cancer there is an approximately 50-fold 
increase in internal neoplasms, especially of the central 
nervous system. 

Ocular abnormalities are almost as common as the 
cutaneous abnormalities, but they are strikingly limited 
to the anterior, UV-exposed structures of the eye (lids, 
cornea, and conjunctiva). Photophobia is often present 
and may be associated with prominent conjunctival 
injection. Continued sunlight exposure may result in 



severe keratitis, leading to corneal opacification and vas- 
cularization, and in neoplasms (epithelioma, squamous 
cell carcinoma, and melanoma) [5,7]. 

In XP patients there is also a greatly increased fre- 
quency of cancer of the oral cavity, particularly squa- 
mous cell carcinoma of the tip of the tongue, a 
presumed sun-exposed area [5]. 

20-30% of patients have neurological problems and 
intellectual deficiency [1,6,8]. The time of onset can vary 
from the age of two to middle age. The neurological 
abnormalities are the result of progressive neuronal 
degeneration resulting in sensorineural deafness, ataxia, 
areflexia, microcephaly and intellectual deficiency as 
well as impaired eyesight. 

The clinical features are dependent on exposure to 
sunlight, the complementation group, the precise nature 
of the mutation as well as unknown factors. Conse- 
quently there is a huge variation in clinical features. 
Sunny climates, outdoor living, fair skin, smoking, poor 
availability of diagnostic facilities, delayed diagnosis and 
poor protection from sunlight will exacerbate the cuta- 
neous features, resulting in multiple pigmentation 
changes, multiple skin cancers and early death. Conver- 
sely, less sunny climates, indoor living, pigmented skin, 
early diagnosis and good solar protection, can result in 
relatively mild skin features. However even allowing for 
these factors, there is much variability, especially in 
cases that do not show the acute sunburn reaction. The 
abnormal freckling may become apparent by the age of 
two, but may occur much later. 

It might be expected that the patients with the most 
severe repair defects would show the most extreme sun- 
burn reactions and the highest incidence of skin cancer. 
Paradoxically, however, those patients with acute sun- 
burn reactions develop fewer skin cancers than those 
who do not. This is probably the result of earlier diag- 
nosis of the former group and a disinclination of this 
group to go out in sunlight without protection. 

The XP variant (XP-V) sub-type refers to patients with 
a somewhat different molecular defect (see below). 
These patients may display relatively mild features, but 
some have severe skin problems. Individuals with XP-V 
do not have neurological problems and, like those with 
XP-C, their sunburn pattern conforms to their skin type. 

There are a few rare cases with combined features of 
XP and Cockayne Syndrome. These individuals have the 
severe neurological and developmental problems charac- 
teristic of Cockayne Syndrome together with the solar- 
induced pigmentation changes of XP. 

Aetiology 

XP is an autosomal recessive disorder with 100% pene- 
trance and can result from mutations in any one of 
eight genes. The products of seven of these genes (XP-A 
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through G) are involved in the repair of ultraviolet- 
induced photoproducts in DNA by the process of 
nucleotide excision repair (NER) [5]. The XPC and XPE 
proteins are needed to recognise the photoproducts in 
DNA. XPB and XPD are part of a protein complex 
TFIIH, which opens up the structure of the DNA 
around the site of the photoproduct. XPA protein veri- 
fies that proteins are in the correct position and then 
the nucleases XPG and XPF cut the DNA on either side 
of the damage, so that the damaged section can be 
removed and replaced with intact DNA. 

There are two branches of NER, designated transcrip- 
tion-coupled repair, which rapidly repairs areas of DNA 
that are "active" and being transcribed into RNA, and 
global genome repair, which repairs damage in the rest 
of the genome more slowly. XPC and XPE proteins are 
only required for the latter branch, whereas all the other 
XP proteins are required for both branches. Probably as 
a consequence of this, patients defective in the XPC or 
XPE genes do not, in general, have the extreme sunburn 
reactions or neurological abnormalities described above. 

Defects in the eighth XP gene do not affect NER. 
Instead these so-called XP variants (XP-V) have pro- 
blems replicating DNA containing ultraviolet-induced 
damage [9]. DNA replication is carried out by DNA 
polymerases. The DNA polymerases that normally repli- 
cate DNA cannot deal with damage in the DNA tem- 
plate and specialised polymerases have to be employed 
to get past the damage (translesion synthesis). For UV 
damage, the cell uses DNA polymerase r|, encoded by 
the gene POLH and it is this gene that is mutated in 
XP-V patients [10]. Like XP-C and XP-E patients, XP-V 
patients rarely have extreme sunburn reactions or neu- 
rological problems. 

The genes, chromosomal locations and the functions 
of the protein products are listed in Table 1. 

The molecular defects in XP cells result in a greatly 
elevated induction of mutations in sun-exposed skin of 
affected individuals. This increased mutation frequency 
probably accounts for the pigmentation changes and the 



skin cancers. Indeed examination of mutations in the 
p53 gene in tumours from XP patients reveal p53 muta- 
tions characteristic of UV exposure in the majority of 
tumours [11]. The molecular defect also results in 
increased UV-induced lethality, which varies substan- 
tially between individuals. The level of cell killing is less 
in individuals mutated in the XPC and XPE genes and 
with some hypomorphic mutations in other XP genes, 
because of the residual functional DNA repair. These 
individuals also do not show the sunburn reaction 
found in other groups. This has led to the suggestion 
that the extreme sunburn reaction is likely to be a con- 
sequence of cell death. 

The causes of the neurological abnormalities are 
poorly understood. They are clearly not connected with 
exposure to UV light. Current theories suggest that oxi- 
dative DNA damage is generated during normal meta- 
bolism in the central nervous system, and that some 
types of this damage must be repaired by NER [12]. In 
the absence of functional repair, the lesions persist and 
result in neuronal death. 

Diagnosis 

In most cases, the initial clinical diagnosis can be made 
on the basis of either the extreme sensitivity to UV in 
those individuals who show this feature, or in the appear- 
ance of lentiginosis on the face at an unusually early age. 
The diagnosis can be confirmed definitively by employing 
robust cellular tests for defective DNA repair that are 
available in several countries. The most commonly used 
test is the measurement of unscheduled DNA synthesis 
in cultured skin fibroblasts. After DNA damage has been 
removed, a patch of newly-synthesised DNA replaces the 
damaged section. Synthesis of this new DNA has some 
different features from synthesis of DNA during normal 
replication and the former is therefore referred to as 
unscheduled DNA synthesis or UDS. Skin fibroblast cul- 
tures are established from a 3-4 mm punch biopsy taken 
from an unexposed area of the skin, such as the upper, 
inner arm or the buttocks. Fibroblasts are UV-irradiated 



Table 1 The XP genes 



Gene 


No of exons 


Chromosomal location^ 


Protein size (aa) 


Protein function 


Defective pathway 


XPA 


6 


9q22.33 


273 


Damage verification 


NER 


XPB/ERCC3 


15 


2q14.3 


782 


Helicase 


NER 


XPC 


16 


3p25.1 


940 


Damage recognition 


NER (GGR) 


XPD/ERCC2 


23 


19q13.32 


760 


Helicase 


NER 


XPE/DDB2 


10 


11p11.2 


427 


Damage recognition 


NER (GGR) 


XPF/ERCC4 


11 


16p13.12 


916 


Nuclease 


NER 


XPG/ERCC5 


15 


13q33.1 


1186 


Nuclease 


NER 


XPV/POLH 


11 


6p21.1 


713 


Polymerase 


TLS 



Abbreviations. NER: Nucleotide excision repair; GGR: global genome repair sub-pathway; TLS: translesion synthesis. 
^ From [23]. 
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in a Petri dish, and UDS can be measured as incorpora- 
tion of nucleotides into DNA of the irradiated cells either 
by autoradiography [13] (Figure 1) or liquid scintillation 
counting [14], or more recently using a fluorescence 
assay [15]. A reduced level of UDS confirms the diagnosis 
of XP. 

Individuals with XP-V do not show this defect in 
UDS, as NER is unaffected in these patients. Further- 
more XP-V cells are not hypersensitive to killing by UV 
light. However, it has been found empirically, that caf- 
feine specifically sensitises XP-V cells to killing by UV 
[16]. To diagnose XP-V cells, cultures are exposed to 
UV, incubated in caffeine for a few days and their viabi- 
lity compared to that of normal cells. Specific sensitivity 
to UV in the presence of caffeine together with normal 
UDS confirms the diagnosis of XP-V [17]. 

Further tests can identify the gene defective in patients 
(complementation analysis) (Figure 2) (eg see [18]) and 
the causative mutation. This can give further insight 
into the clinical features but at present is not offered 
routinely as part of the diagnosis. 

Differential diagnosis 

In severe cases, the diagnosis should be unequivocal. In 
milder cases, however, diagnosis can be much less clear- 
cut, with pigmentation changes not appearing until adoles- 
cence or even later. Solar urticaria can be excluded by the 
fact that the rash resolves within an hour of going indoors. 
Erythropoietic protoporphyria is easily screened through 
the finding of normal porphyrins and not every exposed 
skin site is affected in polymorphic light eruption. The 
sun-sensitivity of Cockayne Syndrome is manifest as an 
erythemal rash without the associated pigmentation 
changes that are typical of XP, and is associated with 
cachectic dwarfism and severe intellectual deficiency. 



Likewise the sun-sensitive rash of Rothmund-Thompson 
Syndrome is not associated with the pigmentation changes 
associated with XP. The pigmented lesions of Carney 
complex and Leopard syndrome are not related to sun 
exposure and in Peutz-Jeghers syndrome the lentigines are 
perioral and acral. A family history should also exclude 
these autosomal dominant lentiginoses. 

Genetic counselling 

As with all genetic disorders, genetic counselling and 
psychological support is appropriate for the families, to 
discuss aetiology, probability of occurrence in future 
pregnancies, increased likelihood of occurrence in com- 
munities in which consanguineous marriages are com- 
mon, feelings of isolation and concern about career 
prospects. 

Antenatal diagnosis 

The DNA repair tests described above can be carried 
out on chorionic villus-derived cells or on amniocytes in 
affected families, as can molecular analysis if the muta- 
tion in the proband has been identified. 

Management and treatment 

Although no cure is available for XP, the skin problems 
can be dramatically ameliorated by appropriate protec- 
tion. However, some effects of sun exposure before diag- 
nosis may appear years later despite adequate sun 
protection after diagnosis. As the skin changes are all 
caused by UV light, complete protection from exposure 
to UV can prevent further skin changes completely. Pro- 
tective measures include the following: 

(1) All windows in the home, car and school should 
be covered with UV-resistant film, which is 




Figure 1 UDS assay. UV-induced DNA repair synthesis (unscheduled DNA synthesis, UDS) on autoradiographic preparations of primary dermal 

fibroblasts irradiated with UV light and incubated with ^H-thymidine, a DNA radioactive precursor. The labelling pattern in Gl and G2 nuclei 

reflects the amount of precursor incorporated during repair synthesis. Therefore, the number of grains is a direct and quantitative measurement 

of the ability of the cell to perform excision repair. Compared to normal cells (left panel), cells from a XP patient (right panel) show fewer grains 

and, thus, a reduced ability to perform UDS (courtesy of Tiziana Nardo, IGM CNR Pavia). 
I J 
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Figure 2 Complementation test. The classical complementation assay for nucleotide excision repair (NER) defects is based on the analysis of 
unscheduled DNA synthesis (UDS) in heterodikaryons obtained following fusion of primary dermal fibroblasts of the patient under study with 
cells representative of each of the various XP groups. To easily identif/ the fusion products, the two cell strains used as partners in the fusion are 
labelled with beads of different size. The two cell strains are classified in the same complementation group if the heterodikaryons, identified as 
binuclear cells containing beads of different sizes, fail to recover normal UDS levels and remain at the low levels seen in the mononuclear cells 
(right panel). Conversely, the restoration of normal UDS levels in the heterodikaryons (left panel) indicates that the cell strains used as partners in 
the fusion have genetically different defects (courtesy of Tiziana Nardo, IGM CNR Pavia). 



commercially available. Hospital theatre lights, halo- 
gen lights, metal halide lamps and some fluorescent 
lights need to be avoided or covered. 

(2) When outside during daylight hours, exposed 
skin should be covered with sunscreen and lip balm. 
Long trousers, long sleeves and gloves should be 
worn together with a UV-resistant face mask. If the 
patient finds this unacceptable, a broad-rimmed hat 
or "hoodie" and wrap-around sunglasses should be 
worn. 

(3) Regular visits should be paid to the dermatolo- 
gist, so that any pre-cancerous lesions can be 
removed as early as possible. 

(4) Frequent eye examinations by an ophthalmologist 
are recommended. 

(5) Rigorous sun-protection is likely to result in vita- 
min D deficiency, so vitamin D supplements should 
be prescribed. 

(6) Patients should avoid cigarette smoke and other 
environmental carcinogens. 

(7) Psychosocial issues need to be addressed: social 
isolation from peers at school and at home is com- 
mon; career prospects are thwarted and the meticu- 
lous photoprotection measures can lead to denial. 

Routine audiometry, measurement of head circumfer- 
ence, assessment of gait and deep tendon reflex testing 



can usually serve as a screen for the presence of XP- 
associated neurologic abnormalities. Unfortunately, how- 
ever, the cause of the neurological problems is not fully 
understood, and there is no known way of preventing 
them at the time of writing. Management of patients 
with neurological involvement can include use of hear- 
ing aids, physical therapy, occupational therapy and 
speech therapy. 

There are XP support groups in UK [19], USA [20], 
France [21] and Germany [22]. They offer a wealth of 
advice and help. 

In the USA and UK, XP multidisciplinary clinics have 
been established - XP patients are seen by dermatology, 
ophthalmology, neurology, psychology, genetic and nur- 
sing specialists. These clinics are available to anyone 
diagnosed with XP or with a possible diagnosis of XP. 

Prognosis 

For patients without neurological abnormalities, who are 
diagnosed early and carry out stringent protection mea- 
sures as indicated above, the prognosis is good. They 
can expect a relatively normal lifespan, but will need to 
maintain their protection throughout their lives. The 
neurological abnormalities are progressive, leading to 
progressive disabilities, which will vary in severity 
between patients and are likely to result in a shortened 
lifespan. 
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Conclusions 

Although there is no cure for XP, increased awareness 
and crucially early diagnosis, followed by rigorous pro- 
tection from daylight and careful patient management, 
can dramatically improve the quality of life and life 
expectancy of affected individuals. A major challenge for 
the future is to increase understanding of the aetiology 
of the neurological problems associated with the disor- 
der in some individuals. This should enable the develop- 
ment of treatments to alleviate the neurological 
degeneration. 
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